














$\Re\Re\Phi \mathrm{X}\star\yen\star*\Re\Re\alpha \mathrm{m}\mathrm{a}\mathrm{e}\Re \mathrm{a}\mathrm{e}\Re$ (YOKOHAMA NATIONAL UNIVERSITY)
1.
(1.1) $\{$
$-\Delta u+\mu u=Q(x)|u|^{\mathrm{p}-1}u$ in $\mathbb{R}^{N}$ ,
$u\in H^{1}(\mathbb{R}^{N})$ ,
$\mu>0,$ $N\geq 3,1<p<(N\dotplus 2)/(N-2),$ $Q\in C(\mathbb{R}^{N}, \mathbb{R})$
([1, 2, 4-11, 14, 16, 18] )
Struwe $[7, 15]$ , Clapp-Weth [7]
$u rightarrow\int_{\mathrm{R}^{N}}|\nabla u^{\pm}|^{2}dx$ 1 Sobolev
(1.1) [3]
[3] [3]
$\Lambda_{*}=\{u=u^{+}+u^{-}\in H^{1}(\mathbb{R}^{N})$ : $u^{+}\neq$
$0,u^{-}\neq 0,$ $\int_{\mathrm{R}^{N}}$
.




1. $Q$ : $\mathbb{R}^{N}arrow \mathbb{R}$ $x\in \mathbb{R}^{N}$ $Q(x)>1,$ $|x|arrow\infty$
$Q(x)arrow 1$ 2 $a^{1},$ $a^{2}\in \mathbb{R}^{N}$ $M>1$
$x\in \mathbb{R}^{N}\backslash \{a^{1}, a^{2}\}$ $Q(x)<M$ $\mu 0>0$
$\mu\geq\mu_{0}$ (1.1) $S$ 4




$R>|a^{1}-a^{2}|/2$ $M_{1},$ $R$ $|x-(a^{1}+a^{2})/2|\leq R$ $x.\in \mathbb{R}^{N}$
$Q(x)\geq M_{1}$ $\mu$ 1 (1.1)
.
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2.
$(u, v)=$
$\int_{\mathbb{R}^{N}}(\nabla u\nabla v+uv)dx$ $||u||=(u, u)^{1/2}$ $H^{1}(\mathbb{R}^{N})$
$u\in H^{1}(\mathbb{R}^{N})$ $u^{+}= \max\{u, 0\},$ $u^{-}= \min\{u, 0\}$
$u=$. $u^{+}+u^{-}$
$\lambda=1/\sqrt{\mu}$ $v(x)=\lambda^{2/(p-1)}u(\lambda x)$ (1.1)
(2.1) $\{$
$-\Delta v+v=Q(\lambda x)|v|^{p-1}v$ in $\mathbb{R}^{N}$ ,
$v\in H^{1}(\mathbb{R}^{N})$
(2.1) $I_{\lambda}$ : $H^{1}(\mathbb{R}^{N})arrow$
$R$
$I_{\lambda}(u)= \frac{1}{2}\int_{\mathbb{R}^{N}}(|\nabla u|^{2}+|u|^{2})dx-\frac{1}{p+1}\int_{\mathrm{R}^{N}}Q(\lambda x)|u|^{p+1}dx$ , $u\in H^{1}(\mathbb{R}^{N})$
$\text{ _{ }}0$ , 0x $(x_{1}, \cdots, x_{N})\in \mathbb{R}^{N}\text{ _{ }}.C_{\eta}[x]=\prod_{{}_{1}C_{l}C_{l}[a^{1}]\cap C_{l}[a^{2}]=\emptyset \text{ }[a^{j}]\subset\prod_{i=1}^{N}(-K_{)}K)}i=1[Nx_{i}-\eta,x_{i}.+\text{ }$
$\sup\{Q(x) : x\in \mathbb{R}^{N}\backslash \bigcup_{j=1}^{2}C_{l}[a^{j}]\}<M$
$\lambda>0$ $\phi_{\lambda}\in C(\mathbb{R}, \mathbb{R})$ $g_{\lambda}\in C(H^{1}(\mathbb{R}^{N})\backslash \{0\}, \mathbb{R}^{N})$
$\phi_{\lambda}(t)=\{$
$2K/\lambda$ $t>2K/\lambda$ ,
$t$ $-2K/.\lambda\leq t\leq 2K/\lambda$ ,
$-2K/\lambda$ $t<-2K/\cdot\lambda$ ,
$g_{\lambda}(u)=(g_{\lambda,1}(u), \cdots,g_{\lambda,N}(u))$ , $u\in H^{1}(\mathbb{R}^{N})\backslash \{0\}$
$g_{\lambda,i}(u)$
$g_{\lambda,i}(u)= \int_{\mathrm{R}^{N}}\phi_{\lambda}(x_{i})|u|^{p+1}dx/\int_{\mathbb{R}^{N}}|u|^{p+1}dx$, $i=1,$ $\ldots,$ $N$
$\lambda>0$ $j,$ $k\in\{1,2\}$
$\Lambda(\lambda)=\{u\in H^{1}(\mathbb{R}^{N})\backslash \{0\} : (\nabla I_{\lambda}(u), u)=0\}$ ;
$\Lambda(\lambda;j)=\{u\in\Lambda(\lambda) : g_{\lambda}(u)\in C_{l/\lambda}[a^{j}/\lambda]\}$ ;
$\Lambda_{*}(\lambda)=\{u\in\Lambda(\lambda) : u^{+}\in\Lambda(\lambda), u^{-}\in\Lambda(\lambda)\}$ ;
$\mathrm{A}_{*}(\lambda;j, k)=\{u\in\Lambda_{*}(\lambda) : u^{+}\in\Lambda(\lambda;j), u^{-}\in\Lambda(\lambda;k)\}$,
$\tau:H^{1}(\mathbb{R}^{N})arrow(0, \infty]$
$\tau(u)=\{$
$tu\in\Lambda(\lambda)$ – $t$ $u\in H^{1}(- \mathbb{R}^{N})\backslash \{0\}$ ,
$\infty$ u=0





$-\Delta u+u=\eta|u|^{p-1}u$ , in $\mathbb{R}^{N}$ ,
$u\in H^{1}(\mathbb{R}^{N})$
– $\overline{u}_{\eta}$
$\overline{c}_{\eta}=\inf\{\frac{1}{2}||u||^{2}-\frac{\eta}{p+1}\int_{\mathrm{R}^{N}}|u|^{p+1}dx$ : $u\in H^{1}(\mathbb{R}^{N}),$ $||u||^{2}= \eta\int_{\mathbb{R}^{N}}|u|^{p+1}dx\}$ .
$\overline{c}_{M}=\overline{c}_{1}/M^{2/(p-1)}$ $\lambda>0$ $j,$ $k=1,2$ $2\overline{c}_{M}<$
$\inf\{I_{\lambda}(u) : u\in\Lambda_{*}(\lambda;j, k)\}$
1. $\epsilon>0$ $\lambda_{\epsilon}>0$ $\lambda\in(0, \lambda_{\epsilon})$
(2.2) $\inf\{I_{\lambda}(u):u\in\Lambda_{*}(\lambda;j, k)\}<2\overline{c}_{M}+\epsilon$, $j,$ $k\in\{1,2\}$ ,
(2.3) $\inf\{I_{\lambda}(u):u\in\Lambda_{*}(\lambda)\backslash \bigcup_{j=1}^{2}\bigcup_{k=1}^{2}\Lambda_{*}(\lambda;j, k)\}>2\overline{c}_{M}+\mathcal{E}$ .
$\epsilon>0$ $\lambda>0$ $\overline{c}_{M}+\epsilon<\overline{c}_{1},$ $(2.2),$ $(2.3)$
$I_{\lambda},$ $\Lambda_{*}(\lambda;j, k)$ $\text{ }-$ $I,$ $\Lambda_{*}(j, k)$ $\lambda$
(2.4) $\{$
$-\Delta u+u\cdot=|u|^{p-1}u$ in $\mathbb{R}^{N}$ ,
$u\in H^{1}(\mathbb{R}^{N})$ ;
$I_{\infty}(u)= \frac{1}{2}\int_{\mathrm{R}^{N}}(|\nabla u|^{2}+|u|^{2})dx-\frac{1}{p+1}\int_{\mathrm{R}^{N}}|u|^{p+1}dx$ for $u\in H^{1}(\mathbb{R}^{N})$ .
$|x|arrow\infty$ $Q(x)arrow 1$ (2.4) (2.1)
([17, Theorem 8.4] )
2. $I(u_{n})arrow c$ $\nabla I(u_{n})arrow 0$ $\{u_{n}\}\subset H^{1}(\mathbb{R}^{N})$
(2.5) $\{u_{n}\}$ $\{u_{n_{m}}\}$ , (2.1) $v_{0},$ $k\in \mathrm{N}\cup\{0\}$ , (2.4)
$v_{1},$ $\ldots,$ $v_{k},$
$\mathbb{R}^{N}$ $\{y_{m}^{j}\}(j=1, \ldots, k)$ .
(2.5)
$||u_{n_{m}}-v_{0}- \sum_{j=1}^{k}v_{j}(\cdot-y_{m}^{j})||arrow 0$ , $c=Iv_{0}+ \sum_{j=1}^{k}I_{\infty}v_{j}$ ,
$|y_{m}^{j}|arrow\infty$ , $|y_{m}^{j}-y_{m}^{j’}|arrow\infty$ for $j\neq j’$ .
c-l I Palais-Smale
Palais-Smale
3. $c\in(-\infty,\overline{c}_{1}+\overline{c}_{M}]$ $I(u_{n})arrow c$ $\nabla I(u_{n})arrow 0$
$\{u_{n}\}\subset \mathrm{A}_{*}$




(i) $k=1,$ $v_{1}$ , $v_{0}=0,$ $c=\overline{c}_{1}$ ;
(ii) $k=0$ .
$\{u_{n}\}\subset\Lambda_{*}$ $\inf_{n}||u_{n}^{+}||\geq C$ $\inf_{n}||u_{n}^{-}||\geq C$ $C>0$
(i) (ii) $\{u_{n_{m}}\}$ $v\mathit{0}$
$\square$
$c\in \mathbb{R}$
$\mathcal{K}_{c}=\{u\in H^{1}(\mathbb{R}^{N}) : \nabla I(u)=0, I(u)=c\}$
4. $c\in(-\infty,\overline{c}_{1}+\overline{c}_{M}]$ $\mathcal{K}$ $\cap\Lambda_{*}$
$\alpha:[0,1]\cross\Lambda_{*}arrow\Lambda$
$\alpha(t, u)=\tau((1-t)u^{+}+tu^{-})((1-t)u^{+}+tu^{-})$ , $(t, u)\in[0,1]\cross$ $\mathrm{A}_{*}$






6. $c\in \mathbb{R}$ $\sigma>0$ $|t-1/2|\geq\sigma$ $I(u)\leq c+\eta$
$(t, u)\in[0,1]\cross\Lambda_{*}$ $I(\alpha(t, u))\leq I(u)-\eta$ $\eta>0$ $\circ$
$A\subset H^{1}(\mathbb{R}^{N})$ $\delta>0$ $B_{\delta}(A)=$ { $u\in H^{1}(\mathbb{R}^{N})$ :dist $(u,$ $A)\leq\delta$}
[4, 11, 14] $\Lambda_{*}$
(2.1)
1. $j,$ $k\in\{1,2\}$ $u\in\Lambda_{*}(j, k)$ $I(u)=$ n{I(v): $v\in\Lambda_{*}(j,$ $k)$ }
(2.1) u




$c<\overline{c}_{1}+\overline{c}_{M}$ 4 $\mathcal{K}$ $\cap\Lambda_{*}$
dist $(N, \Lambda_{*}(j, k)))$
.
$>0$ $\Lambda_{*}$
$\mathcal{K}$ \cap A $N$ $\eta>0$
$U_{\eta}=\{\alpha(t, u) : (t, u)\in[0,1]\cross(\Lambda_{*}\backslash N), I(u)\leq c+\eta, I(\alpha(t, u))\geq c-\eta\}$
$\eta>0,\overline{\eta}\in(0, \eta)$ $\Phi$ : $[0,1]\cross\Lambdaarrow\Lambda$
$C+\tilde{\eta}<2\overline{c}_{M}+\epsilon$
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(i) $I(u)\leq c+2\eta$ $(t, u)\in([0,1/3]\cup[2/3,1])\cross\Lambda_{*}$ $I(\alpha(t, u))\leq$
$c-2\eta$
(ii) $(\theta, u)\in[0,1]\cross\Lambda$ $I(\Phi(\theta, u))\leq I(u)$
(iii) $I(u)\not\in[c-2\eta, c+2\eta]$ $(\theta, u)\in[0,1]\mathrm{x}\Lambda$ $\Phi(\theta, u)=u$
(iv) $\Phi(1, U_{\overline{\eta}})\subset\{u\in\Lambda : I(u)\leq c-\tilde{\eta}\}$ .
$I(u_{1})\leq c+\overline{\eta}$ $u_{1}\in\Lambda_{*}(j, k)$ $I(u_{1})< \inf\{I(u):u\in\partial\Lambda_{*}(j, k)\}$
$\partial\Lambda_{*}(j, k)=\{u\in\Lambda_{*}(j, k)$ : $g_{\lambda}(u^{+})\in$
$\partial(C_{\mathrm{t}/\lambda}[a^{j}/\lambda])$ $g_{\lambda}(u^{-})\in\partial(C_{\mathrm{t}/\lambda}[a^{k}/\lambda])\}$
$I(\alpha(t, u_{1}))=I(\alpha(t, u_{1})^{+})+I(\alpha(t, u_{1})^{-})\leq I(u_{1}^{+})+I(u_{1}^{-})=I(u_{1})$
$t\in[0,1]$ $I(\alpha(t, u_{1}))\leq C+\tilde{\eta}$ (ii), (iv)
$I(\Phi(1, \alpha(t, u_{1})))\leq c-\tilde{\eta}$ $\forall t\in[0,1]$
(i), (iii)
$\tau(\Phi(1, \alpha(0, u_{1}))^{+})-\tau(\Phi(1, \alpha(0, u_{1}))^{-})=\tau(\alpha(0, u_{1})^{+})-\tau(\alpha(0, u_{1})^{-})$
$=\tau(u_{1}^{+})-\tau(0)=-\infty$
$\tau(\Phi(1, \alpha(1, u_{1}))^{+})-\tau(\Phi(1, \alpha(1, u_{1}))^{-})=\infty$
$\tau(\Phi(1, \alpha(t_{1}, u_{1}))^{+})=\tau(\Phi(1, \alpha(t_{1}, u_{1}))^{-})$ $t_{1}\in[1/3,2/3]\hslash\backslash \text{ }$
$\Phi(1, \alpha(t_{1}, u_{1}))\in\Lambda_{*}$ $I(\Phi(1, \alpha(t_{1}, u_{1})))\leq c-\tilde{\eta}$
$c-\tilde{\eta}<c<2\overline{c}_{M}+\epsilon$ $\Phi(1, \alpha(t_{1}, u_{1}))\in\bigcup_{j=1}^{2},\bigcup_{k=1}^{2},\Lambda_{*}(j’, k’)$
(ii) $I(u_{1})< \inf\{I(u):u\in\partial\Lambda_{*}(j, k)\}$
$\Phi(1, \alpha(t_{1}, u_{1}))\in\Lambda_{*}(j, k)$ $I(\Phi(1, \alpha(t_{1}, u_{1})))\leq c-\overline{\eta}$
(2.1) 3
A* $(1,2)$ A* $(2,1)$
–
mountain pass (2.1) $\tilde{u}_{0}\in$
$\Lambda_{*}(1,1),$ $’\overline{u}_{1}\in\Lambda_{*}(1,2)$ $\tilde{u}_{0}^{+}=\overline{u}_{1}^{+},$ $I( \tilde{u}_{0})\approx\inf\{I(u) : u\in\Lambda_{*}(1,1)\},$ $I(\overline{u}_{1})\approx$
$\inf\{I(u):u\in\Lambda_{*}(1,2)\}$ $\sup_{0\leq\epsilon\leq 1}I(\gamma \mathrm{o}(s))<\overline{c}_{1}+\overline{c}_{M}$
$\gamma 0\in C([0,1];\Lambda_{*})$ $\gamma(t)^{+}\equiv\tilde{u}_{0}^{+}(=\tilde{u}_{1}^{+}),$ $\gamma \mathrm{o}(0)=\tilde{u}0$ $\gamma(1)=\tilde{u}_{1}$
2. $j,$ $k=1,2$ $I(u)> \min\{I(v):v\in\Lambda_{*}(j, k)\}$
(2.1) u
.
$\Gamma=\{\gamma\in C([0,1];\Lambda_{*}):\gamma(0)=\tilde{u}_{0}, \gamma(1)=\overline{u}_{1}\}$ ,
$c= \inf_{\gamma\in \mathrm{r}_{0}}\sup_{\leq\epsilon\leq 1}I(\gamma(s))$
$\mathcal{K}_{c}\cap\Lambda_{*}\neq\emptyset$ (2.2), (2.3), $\sup_{0\leq\epsilon<1}I(\gamma_{0}(s))<$
$\overline{c}_{1}+\overline{c}_{M}$ $\max\{I(\tilde{u}), I(\tilde{u}_{1})\}<2\overline{c}_{M}+\epsilon<c<\overline{c}_{1}+\overline{c}_{M}$ o $\overline{(}2.3$)
$c> \sup_{j,k\in\{1,2\}}\min\{I(v):v\in\Lambda_{*}(j, k)\}$ $c<\overline{c}_{1}+\overline{c}_{M}$ 4
$\mathcal{K}$ $\cap\Lambda_{*}$ $\eta>0$
$U_{\eta}=\{\alpha(t,\gamma(s))$ : $\gamma\in\Gamma,$ $0^{\max_{\leq r\leq 1}I(\gamma(r))}\leq c+\eta$ ,
$(t, s)\in[0,1]^{2},$ $I(\alpha(t, \gamma(s)))\geq c-\eta\}$
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$\eta>0,\tilde{\eta}\in(0, \eta/2)$ $\Phi$ : $[0,1]\cross\Lambdaarrow\Lambda$
(i) $\max_{0\leq s\leq 1}I(\gamma(s))\leq c+2\eta$ $\gamma\in\Gamma$ $(t, s)\in([0,1/3]\cup$
$[2/3,1])\cross[0,1]$ $I(\alpha(t, \gamma(s)))\leq c-2\eta$
(ii) $(\theta, u)\in[0,1]\mathrm{x}\Lambda$ $I(\Phi(\theta, u))\leq I(u)$
(iii) $I(u)\not\in[c-2\eta, c+2\eta]$ $(\theta, u)\in[0,1]\cross\Lambda$ $\Phi(\theta, u)=u$
(iv) $\Phi(1, U_{2\overline{\eta}})\subset\{u\in\Lambda:I(u)\leq c-2\overline{\eta}\}$ .
$\sup_{0\leq s\leq 1}I(\gamma_{1}(s))\leq c+2\tilde{\eta}$ $\gamma_{1}\in\Gamma$
$I(\alpha(t, \gamma_{1}(s)))=I(\alpha(t,\gamma_{1}(s))^{+})+I(\alpha(t, \gamma_{1}(s))^{-})$
$\leq I(\gamma_{1}(s)^{+})+I(\gamma_{1}(s)^{-})=I(\gamma_{1}(s))$ ,
$(t, s)\in[0,1]^{2}$ $I(\alpha(t, \gamma_{1}(s)))\leq c+2\tilde{\eta}$ (ii),
(iv)
(26) $I(\Phi(1, \alpha(t,\gamma_{1}(s))))\leq c-2\tilde{\eta}$ $\forall(t, s)\in[0,1]^{2}$
$s\in[0,1]$ $\tau(\Phi(1, \alpha(t, \gamma_{1}(s)))^{+})=$
$\tau(\Phi(1, \alpha(t, \gamma_{1}(s)))^{-})$ $t\in[1/3,2/3]$ $\rho$ : $[0,1]arrow$
$\{(t, s) : \tau(\Phi(1, \alpha(t, \gamma_{1}(s)))^{+})-\tau(\Phi(1, \alpha(t, \gamma_{1}(s)))^{-})=0\},$ $\rho(0)=(1/2,0),$ $\rho(0)=$
$(1/2,1)$ $\Phi(1, \alpha(\cdot, \gamma_{1} ()))$ $\circ\rho\in\Gamma$ (2.6)
$(t, s)\mapsto\tau(\Phi(1, \alpha(t, \gamma_{1}(s)))^{+})-\tau(\Phi(1, \alpha(t, \gamma_{1}(s)))^{-})$
$0$










$\inf\{\sup_{0\leq\epsilon\leq 1}I(\gamma(s)):\gamma\in C([0,1];\Lambda_{*}), \gamma(0)=\tilde{u}_{0}, \gamma(1)=\tilde{u}_{1}\}$
$< \inf\{I(u) : u\in\Lambda_{*}, u^{\pm}\not\in\Lambda(1)\cup\Lambda(2)\}$
$h_{\mathit{0}:}[0,1]^{2}arrow H^{1}(\mathbb{R}^{N})$
$\{$
$h_{0}(j, k)\in\Lambda_{*}(j+1, k+1)\forall j,$ $k\in\{0,1\}$
$h_{0}(j, s)^{+}\equiv h_{0}(j, 0)\forall s\in[0,1]\forall j\in\{0,1\}$
$h_{0}(t, k)^{+}\equiv h_{0}(0, k)\forall t\in[0,1]\forall k\in\{0,1\}$
$\Gamma=$ { $\gamma:.[0,1]^{2}arrow\Lambda_{*},$ $\gamma=h_{0}$ on $\partial[0,1]^{2}$ } $c= \inf_{\gamma\in\Gamma(t},\max_{s)\in[0,1]^{2}}I(h_{0}(t, s))$
$c>\overline{c}_{M}+\overline{c}_{1}$
$c$ Palais-Smale
( 3 ) $M_{1}>2^{(p-1)/2}M/(M^{2/(p-1)}+1)^{(p-1)/2}$
$R>|a^{1}-a^{2}|/2$ $M_{1},$ $R$ $|x-(a^{1}+a^{2})/2|\leq R$ $x\in \mathbb{R}^{N}$
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$Q(x)\geq M_{1}$ $c<\overline{C}_{M}+\overline{c}_{1}$
Palais-Smale $\eta>0,\overline{\eta}\in(0, \eta/2)$ ,
$\Phi$ : $[0,1]\cross\Lambdaarrow\Lambda,$ $\sup_{(t,s)\in(0,1]^{2}}I(\gamma_{1}(t, s))\leq c+2\tilde{\eta}$
(2.7) $I(\Phi(1, \alpha(r, \gamma_{1}(t, s))))\leq c-2\tilde{\eta}$ for all $(r, t, s)\in[0,1]^{3}$
$(r, t, s)rightarrow\tau(\Phi(1, \alpha(r,\gamma_{1}(t, s)))^{+})-\tau(\Phi(1, \alpha(r, \gamma_{1}(t, s)))^{-})$
O
C\infty $\beta$ $b\approx \mathrm{O}$ $\beta$ $b$




$[0,1]^{2}\cross \mathbb{R}$ $\partial F=\partial[0,1]^{2}\cross\{0\}$
$F\cap(([0,1]^{2}\backslash [\xi, 1-\xi]^{2})\cross \mathbb{R})=([0,1]^{2}\backslash [\xi, 1-\xi]^{2})\cross\{0\}$ ,
$\xi\in(0,1/2)$
$\tilde{F}\cap([0,1]^{2}\mathrm{x}\mathrm{R})=F$
$\overline{F}\cap((\mathbb{R}^{2}\backslash [0, \mathrm{i}]^{2})\cross R)=(\mathbb{R}^{2}\backslash [0,1]^{2})\mathrm{x}\{0\}$
$\tilde{F}$ C\infty }
$F\in \mathcal{F}$ $\partial F=\partial[0,1]^{2}\cross\{0\}$ $\partial[0,1]^{2}$ –
$\Gamma=$ { $(F,\gamma)\mathrm{v}$. $F\in$.
$\mathcal{F},\gamma\in C(F;\Lambda_{*}),$ $\gamma=h_{0}$ on $\partial F$}, $c \equiv\inf_{(F,\gamma)\in\Gamma}\sup_{\mathit{8}\in F}I(\gamma, (s))$
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